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The morphologic spectrum of malformations of the tricuspid valve 
in 14 fetal and 5 neonatal heart specimens is described. Echocar-
diography during fetal life had revealed the valvular malforma-
tions along with dilation of the right-sided chambers of the heart 
and atrioventricular (A V) valve incompetence. This functional 
impairment reflected either Ebstein's malformation (10 cases) or 
dysplasia of valve leaflets having a normal junctional attachment 
(9 cases). 
The right atrium and right ventricle were markedly enlarged, 
and heart weight was increased to 181% (median) and 179% 
(median) in the groups with Ebstein's malformation and valvular 
dysplasia, respectively. In contrast, lung weight was in the lower 
range of normal, showing a decrease of 67% (median) in patients 
with Ebstein's malformation and of 43% (median) in those with 
Malformations of the tricuspid valve include a wide range of 
morphologic features that can be divided into two main 
groups: those in which the primary lesion is downward 
displacement of the basal attachment of the mural and septal 
(or both) leaflets, known as Ebstein's malformation (1), and 
those without downward displacement but with deformation 
of the leaflets and the tension apparatus, an arrangement 
described as dysplasia (2). The pathophysiology is similar in 
both groups, varying with the degree of valvular malfunc-
tion, the size and contractility of the right ventricle and the 
presence of obstruction within the right ventricular outflow 
tract. Complete assessment of the morphologic spectrum of 
these lesions has now become feasible with the introduction 
of cross-sectional echocardiography, making diagnosis pos-
sible in postnatal (3) as well as prenatal (4) life. 
In this report, we describe the morphologic spectrum of 
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valvular dysplasia. One ventricular septal defect and six atrial 
septal defects were noted in each group. Severe obstruction at the 
level of the pulmonary valve was seen in 40% of the group with 
Ebstein's malformation and in 66% of those with valvular dyspla-
sia. 
The most important factor in the particularly poor prognosis in 
these patients is the incompetence of the tricuspid valve, leading to 
right atrial enlargement and subsequent pulmonary hypoplasia. 
No Significant difference was found between the pathologic fea-
tures of fetal and neonatal hearts and no features that might have 
prompted the valve to become regurgitant during fetal life were 
identified. 
(J Am Coll CardioI1991;17:1l61-7) 
malformation of the tricuspid valve as observed at autopsy in 
14 fetal and 5 neonatal hearts. All the patients had undergone 
echocardiography during fetal life, which established with a 
high degree of accuracy the functional impairment of the 
tricuspid valve and the underlying cardiac anomalies (5). 
Nonetheless, it seemed to us that the high incidence of death 
in fetal and early neonatal life may suggest differing morpho-
logic features from those anticipated in postnatal life (2,6-9). 
This study, therefore, sought to assess those features and 
compare them with recognized criteria derived from postna-
tal experience. 
Methods 
Case material. We examined 14 fetal and 5 neonatal heart 
specimens drawn from the pediatric cardiopathologic mu-
seum of Guy's Hospital, London. Regurgitation across the 
tricuspid valve had been diagnosed with or without addi-
tional cardiac anomalies between the 16th and 37th weeks of 
gestation with use of either a mechanical (ATL) or phased 
array (Hewlett-Packard) Doppler echocardiographic system 
(5). All mothers had given informed consent for the fetal 
scan. Subsequent to diagnosis, four fetuses died before 
birth, 5 patients died in the neonatal period and 10 pregnan-
cies were terminated after the echocardiographic detection 
of the cardiac or extracardiac anomalies. 
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Measurements taken. The heart and lungs were fixed in 
formalin and dissected in the standard method following the 
flow of blood or else in planes selected to simulate the 
echocardiographic images. The weight of the heart and lungs 
was obtained and longitudinal sections of the lower lobe of 
lung were cut for histologic investigation. Comparison was 
made with age-related normal values (8,9). Attention within 
the heart was directed particularly to the morphology of the 
atria and the integrity of the interatrial septum, with special 
reference to the arrangement of the flap valve. The size of 
the atria was estimated by measuring the distance from the 
lateral wall to the interatrial septum (width) and the distance 
from the atrioventricular (A V) groove to the posterosuperior 
wall (height). 
The morphology of the tricuspid valve was analyzed with 
respect to displacement of the attachment of its leaflets 
(measured as the distance from the A V groove to the nearest 
hinge point of each leaflet), the number of leaflets involved, 
the nature of the leaflets themselves and the structure and 
formation of their distal attachment to the papillary muscle 
or myocardial wall. Dysplasia was diagnosed according to 
the presence of a variety of changes, including thickening, 
shortening of the chordae tendineae, rolling of the edges of 
the leaflets and anomalies of their distal attachment. 
Comparisons. The diameter of the orifice of the tricuspid 
valve was measured and compared with that of the mitral 
valve, expressing the values as a ratio of tricuspid to mitral 
dimensions. The size of the right ventricle was estimated 
according to the distance from the A V junction to the apex of 
the right ventricle. A comparison was then made with similar 
measurements obtained in the left ventricle, expressing the 
results with the left ventricular value serving as the denom-
inator. The ventricular septum was analyzed in terms of its 
integrity, and any obstructive lesions of the right ventricular 
outflow tract were noted. The diameter of the pulmonary 
trunk and the ascending aorta were measured and again 
expressed as a ratio with the aortic dimension as the denom-
inator. 
Results 
The echocardiographic findings in fetal life and the out-
come are described elsewhere (5). Detailed correlations of 
the echocardiographic and pathologic appearances will be 
considered in a separate report. In this presentation, there-
fore, we concentrate on the salient morphologic features of 
the malformed tricuspid valve and significant associated 
malformations. 
Cardiac chamber sizes. Marked dilation of the right 
atrium was noted in all but one case (or the left atrium in the 
two cases with discordant A V connection) and the morpho-
logic right ventricle was also dilated in most. The size of the 
right-sided cardiac chambers compressed the lungs in those 
with marked dilation (Fig. I). In the solitary case without 
dilation of the cardiac chambers, diagnosis of Ebstein's 
malformation was made at 18 weeks' gestation, the mother 
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Figure 1. The right side of a fetal heart with tricuspid valve 
dysplasia, showing gross right atrial and right ventricular dilation 
and marked hypoplasia of the right (R) and left (L) lungs. 
having been referred because of a family history of congen-
ital heart disease. According to the presence of dysplasia of 
the leaflets seen in isolation or dysplasia associated with 
downward displacement at the hinge point of the septal and 
mural leaflets, we were able to distinguish 10 cases with 
Ebstein's malformation and 9 hearts with normal junctional 
attachments of the leaflets. 
Ebstein's malformation. In seven cases, either death had 
occurred during intrauterine life or the pregnancy had been 
terminated. The median gestational period of these fetuses 
was 24 weeks (range 21 to 37). Three deaths occurred in the 
neonatal period at a median age of 2 days (range 2 to 11). Six 
of the fetuses were male and four female. 
Weight. The median weight of the heart was 13.8 g (range 
2.6 to 75.9). The right lung had a median weight of 9.7 g 
(range 3.5 to 69.4) and the left lung 7.5 g (range 2.6 to 39.9). 
Comparison of the heart weight of each specimen and the 
lung weight of the fetal specimens only with the age-related 
normal values revealed marked differences. The weight of 
the heart was increased 181% (median) (range 90% to 288%). 
The weight of the right lung was decreased 68% (median) 
(range 45% to 140%) and the weight of the left lung 66% 
(median) (range 58% to 128%). Although lung weights 
seemed markedly decreased, the weights were mostly within 
the lower 95th percentile of normal values (Fig. 2) (11). 
Histologic study revealed a normal pattern for both the 
vessels within the lungs and the parenchyma, and these 
findings were compatible with the developmental stage of the 
fetus or neonate. 
Morphologic findings. In the group as a whole. the orifice 
of the tricuspid valve was dilated; the median ratio in 
comparison with the mitral valve was 1.5. The range was 
from 0.7 to 2, but the tricuspid dimension was smaller than 
that of the mitral valve only in the fetus diagnosed at 18 
weeks' gestation because of previous family history. The 
mural and septal leaflets were displaced in nine hearts 
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Figure 2, Graphs showing the weights of the right (A) and left (8) 
lungs compared with the normal values of Emery and Mithal (9). 
There are two identical weights of the left lung at 21 weeks' 
gestation in the groups with Ebstein's malformation. The lung 
weights of the ventilated neonates were excluded. 
(Fig, 3), whereas the mural leaflet alone was displaced in one 
heart. The extent of displacement varied between 4 and 
20 mm (median 8). The downward shift of the valve pro-
Figure 3. The right side of this heart (21 weeks' gestation) has been 
opened to show the downward displacement of the septal (S) and 
mural tricuspid valve leaflets (arrowheads) as seen in Ebstein's 
malformation. ASL = anterosuperior leaflet. 
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Figure 4. The right side of this heart with Ebstein's malformation 
(25 weeks' gestation) has been transilluminated to show the ana-
tomic thinning ofthe ventricular wall in the region of "atrialization" 
(small arrowheads). Large arrow indicates the location of the atrio-
ventricular junction. 
duced physiologic atrialization of the inlet component of the 
right ventricle, but anatomic thinning of the atrialized myo-
cardium was found in only four specimens (Fig. 4). No heart 
manifested downward displacement of the junctional attach-
ment of the anterosuperior leaflet. The ratio of right to left 
ventricular dimensions (median 0.7, range 0.4 to 1.0) re-
vealed a marked reduction in the length of the inflow 
component of the right ventricle. Moreover, the leaflets of 
the tricuspid valve were malformed over and above their 
anomalous attachments in almost all cases, with absence of 
the mural leaflet noted in one (Fig. 3), absence of the septal 
leaflet in another and absence of both mural and septal 
leaflets in stilI another heart. Dual formation of the septal 
and mural leaflets was found in one heart (Fig. 5) and marked 
dysplasia with thickened or rolled edges was noted in five. 
Figure 5. This heart from an II day old neonate shows the dual 
formation of the septal and mural leaflets of the tricuspid valves in 
the setting of Ebstein's malformation (*). Arrowheads show the 
atrioventricular junction. 
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Figure 6. This series of hearts shows the three variants of distal 
attachment of the anterosuperior leaflet (ASL) of the tricuspid valve 
in Ebstein's malformation. a, A heart from a 2 day old neonate, 
showing focal attachment (arrows). b, A heart from a fetus of 21 
weeks' gestation, showing hyphenated attachment (arrows). c, A 
heart from a fetus of 27 weeks' gestation, showing linear attachment 
(small arrows). Large arrow indicates the narrowed communication 
through the anteroseptal commissure. S = septal leaflet. 
Although, as described, the junctional attachment of the 
anterosuperior leaflet was normal in all, its distal attachment 
was focal in seven hearts (Fig. 6a), hyphenated in two 
(Fig. 6b) and linear in one (Fig. 6c). The latter arrangements 
produced severe obstruction at the orifice of the valve. The 
mural and septal leaflets were abnormally attached at their 
distal ends in the majority of cases, with short chords 
adherent to the endocardium. As indicated, the right atrium 
(or left atrium in hearts with discordant AV connection) was 
markedly enlarged, having a median width of 17 mm (range 
7 to 32) and a median height of 17 mm (range 8 to 55). 
Compared with the corresponding measurements of the left 
atrium in hearts with concordant connection, a median ratio 
was obtained of the right to left atrium of 1.64 and 1.28 for 
width and height, respectively. 
Associated malformations. An atrial septal defect due to 
deficiency or absence of the flap of the oval foramen was 
present in six hearts; in one of these six the flap was 
fenestrated and aneurysmal with dilation into the left atrium. 
An atrial septal aneurysm was also seen in one heart in 
which a large eustachian valve had almost completely di-
vided the right atrium into two chambers, creating a so-
called cor triatriatum dexter' (Fig. 7). 
The A V and ventriculoarterial connections were concor-
dant in eight hearts and discordant in two (congenitally 
corrected transposition) (Fig. 8). The ventricular septum was 
intact in all but one heart, which had a perimembranous 
defect. Pulmonary atresia was seen in two cases, one due to 
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an imperforate valve and the other with muscular obstruc-
tion. Pulmonary stenosis was present in an additional two 
cases, the valve being unicuspid and unicommissural in one 
and showing mucoid dysplasia of all three leaflets in the 
other. The pulmonary valve was normal in the other four 
cases, with a pulmonary trunk of normal size. The morpho-
logic right ventricular outflow tract was unobstructed in 
association with a normal aortic valve in the two cases with 
discordant AV and ventriculoarterial connections (congeni-
tally corrected transposition). 
Tricuspid Dysplasia 
Of the nine hearts in this group, seven were from fetuses 
that died during intrauterine life or when the pregnancy was 
terminated. Their median age was 23 weeks of gestation 
Figure 7. This heart from a fetus of 27 weeks' gestation shows a 
large right atrium with a persistent eustachian valve (E. V.). The 
eustachian valve is so large that it partitions the atrium into two 
chambers, creating so-called cor triatriatum. Flow from the inferior 
cava vein (ICV) is shunted directly into the left atrium (arrow). 
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Figure 8. This heart with congenitally corrected transposition from 
a fetus of 24 weeks' gestation is viewed from the front (a) and the left 
side (b). The apex of the heart is directed to the right and the aorta 
(Ao) arises anteriorly from the left-sided ventricle (LV). The left 
side of the heart (b) shows the morphologic left atrium (LA) opening 
into a morphologic right ventricle (RV) through a tricuspid valve, 
with severe displacement of the mural and septal (S) leaflets. Note 
the enlarged left atrial appendage (*). ASL = anterosuperior leaflet; 
RA = right atrium. 
(range 20 to 34). The other two were from infants who died 
on the 1st day of life. 
Heart and lung weight. The median weight of the hearts 
was 5.2 g (range 3.2 to 46.2). The median weight of the right 
lung was 4 g (range 1.1 to 26.3) and of the left lung 3.4 g 
(range 0.8 to 19.5). The median heart weight was 179% 
(range 129% to 220%) of the age-related normal value. 
Marked hypoplasia of the lungs was again present and even 
more pronounced than in patients having Ebstein's malfor-
mation. Thus, the median weight of the right lung was 43% 
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Figure 9. a, This heart from a fetus of 24 weeks' gestation shows 
nodular dysplasia of all three leaflets of the tricuspid valve. The right 
atrium is dilated. b, This heart from a fetus of 21 weeks' gestation 
shows mucoid dysplasia. M = mural leaflet; other abbreviations as 
in Figure 8. 
(range 9% to 67%) of normal and that of the left lung was 
43% (range 8% to 68%) of normal. Nonetheless, as with 
Ebstein's malformation, results of histologic study of the 
pulmonary parenchyma and vessels proved normal for age 
and the lung weights were within the lower 95th percentile 
for known normal values (Fig. 2) (11). 
Morphologic findings. As judged by comparisons with the 
diameter of the mitral valve, the orifice of the tricuspid valve 
was almost always increased in size, the ratio ranging from 
1.5 to 2.1 (median 1.8). The dysplasia involved all three 
leaflets of the valve (Fig. 9), except in one case in which only 
the anterosuperior leaflet was affected. The most common 
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dysplastic features were nodular thickening and rolling of the 
edges of the leaflets. In one case, a diverticulum of the right 
ventricular inlet was discovered on the diaphragmatic sur-
face, with infolding of the A V junction along the mural 
leaflet, producing a shelf that pointed toward the diverticu-
lum. The distal edge of the anterosuperior leaflet showed 
evidence of linear or hyphenated attachment in three cases. 
As judged by comparison with the left ventricle, the right 
ventricle was of normal size or enlarged (median 0.9, range 
0.9 to 1.6) in most cases. 
Associated malformations. A perimembranous septal de-
fect was found in one case and pulmonary atresia or severe 
stenosis was found in six. The ratio of the diameter of the 
pulmonary trunk to the aorta varied from 0.4 to 1.5 (median 
0.6) in the six cases with pulmonary valve obstruction. The 
right atrium was grossly dilated in all cases (Fig. I), exhib-
iting paper-thin myocardium in one and hypertrophy in 
another. The latter case was found on chromosomal analysis 
to have trisomy-l3. The median width of the atrium was 
17 mm (range 12 to 32) and the median height was 22 mm 
(range 17 to 35). The corresponding median left atrial diam-
eters were 9 and 12 mm, respectively. An atrial septal 
deficiency within the oval fossa was found in six cases and a 
well developed Chiari network in two cases. 
Discussion 
Unifying features. The unifying feature of the hearts 
collected within this series over and above the morphologic 
perturbations of the tricuspid valve is the dilation of the 
orifice of the morphologic tricuspid valve together with the 
right atrium and often the right ventricle (in cases with 
discordant A V connection, it is the morphologic left atrium 
that is enlarged). It is the grossness of this dilation that 
serves to distinguish these cases from many examples of 
either Ebstein's malformation or isolated dysplasia seen in 
postnatal life. Yet, in terms of the anatomy of the valvular 
malformations, we could find no features that distinguished 
these cases diagnosed during fetal life from those seen and 
described in the postnatal period. 
An additional difference from experience with these le-
sions in postnatal life, however, is their frequency. Both 
Ebstein's malformation and isolated valvular dysplasia are, 
generally speaking, considered to be relatively rare. Indeed, 
in a recent review (7), only 20 cases of valvular dysplasia 
seen in childhood were found in a survey of the literature 
over a period covering 57 years. In contrast, the cardio-
pathologic collection of fetal and neonatal hearts at Guy's 
Hospital, containing 243 hearts diagnosed by fetal echocar-
diography at the time we conducted this study, had 19 (7.8%) 
with the described lesions of the tricuspid valve. To an 
extent, this reflects the referral pattern of the cases seen at 
Guy's Hospital because our unit of perinatal cardiology 
gives a second opinion for suspicious fetal scans made by 
obstetricians over a large area of the southeast United 
Kingdom. This does not alter the fact that many more cases 
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with gross dilation of the right atrium and tricuspid orifice, 
underscored by either Ebstein's malformation or isolated 
dysplasia of the leaflets of the tricuspid valve, are seen 
during fetal life than would be expected from the known 
incidence of these lesions in postnatal practice. Why is it that 
the lesion is so frequent and what is it that determines that 
the orifice of the tricuspid valve should dilate at this early 
stage? 
Frequency and mechanism of right-sided chamber dilation 
and small lung size. It is certainly the obvious and gross 
dilation of the right-sided chambers (or left-sided with dis-
cordant A V connection) that brings the cases to the attention 
of the staff of referring centers. Our experience indicates that 
dilation is responsible for the universally fatal outcome of 
these cases either during fetal life or in the neonatal period. 
It is the dilation of the heart that serves to occupy the greater 
part of the thoracic cavity during this crucial period of fetal 
development, leaving no room for the lungs to grow. Our 
histologic studies have shown that morphologically, the 
lungs are normal both in terms of parenchyma and vessels, 
yet are simply squeezed out by the bulk of the heart. The 
overriding question, therefore, concerns the factor that 
makes the tricuspid valve incompetent and leads to the 
dilation of both the valvular orifice and the right-sided 
chambers. As indicated, this is not the morphology of the 
malformed hearts themselves because this is the same as that 
found in cases seen in postnatal life without gross dilation of 
the right side of the heart. 
It is tempting to speculate that the dilation reflects either 
atresia or stenosis at the level of the ventriculopulmonary 
junction. Pulmonary stenosis or atresia was certainly a 
frequent associated lesion in our series, but not sufficiently 
constant to explain the dilation in all cases. Furthermore, it 
is also known that both Ebstein's malformation and isolated 
dysplasia of the leaflets of the tricuspid valve are very 
frequent in association with pulmonary atresia with an intact 
ventricular septum (10,11), yet in this setting, the response 
of the right atrium and ventricle is usually to hypertrophy 
rather than to dilate. Additionally, the hemodynamics of the 
fetal circulation are such that the pressures in the pulmonary 
circulation themselves would serve as an impediment to 
flow, as opposed to regurgitation through the tricuspid valve, 
without having to postulate the additional presence of an 
overt anatomic lesion at the ventriculopulmonary junction. 
This fact also underscores the well recognized difficulties in 
distinguishing anatomic from functional pulmonary atresia in 
the neonatal period when there is associated tricuspid regur-
gitation (12). 
What makes the tricuspid valve incompetent? The basic 
problem then is to determine the feature that dictates that the 
tricuspid valve will be competent or regurgitant, either with 
a patent outflow tract from the right ventricle or with 
pulmonary atresia. As indicated, this problem is not found in 
the anatomy of the tricuspid valve itself. It is presumably a 
myocardial problem. If so, this cannot be resolved by gross 
studies of autopsied hearts, but evidence of this possibility 
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may well come from further echocardiographic investiga-
tions during fetal life. It will require serial studies to identify 
any triggers that prompt the valve to become regurgitant, 
comparing such cases with those in which tricuspid valves 
deformed by either Ebstein's malformation or dysplasia, or 
both, are recognized during fetal life yet remain competent 
structures. It is also noteworthy that although the lungs 
grossly were markedly reduced in size, their weights were in 
the lower 95th percentile of normal values and histologic 
features were normal. These findings strongly suggest that 
the reduction in size of the lungs is simply a consequence of 
the dilation of the chambers of the heart. The possibility 
exists, therefore, that if cardiac dilation could be avoided by 
therapeutic measures during fetal life, the lungs would grow 
normally, giving a much better prognosis. If this proves 
correct, it increases the need to determine the trigger for 
dilation and incompetence of the tricuspid valve. 
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